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E>escription 

BACKGROUND OF THE iNVENTION 

5 This invention relates to aqueous inks for ink jet printers and, nrrare particularly, to aqueous ink jet inks containing 
emulsion polymers stabilized with structured polymers. 

Ink jet printing is a non-impact printing process in which droplets of ink are deposited on a substrate such as paper 
or transparency film in response to an electronic signal. Low cost and high quality of the output, combined with relatively 
noise free operation, have made ink jet printers a popular option to other types of printers used with computers. 

10 Both dyes and pigments have been used as ink colorants for ink jet printers. The dye-based inks while in general 
superior in color properties have several disadvantages as compared to pigment based inks. The dyes are usually 
water soluble and remain so after drying on the substrate. They are easily redissolved by water spills, and the image 
smears on contact with felt pen markers, tn addition, the dyes exhibit poor light stability relative to pigments and are 
known to fade even under office lighting. Thus, dye-based inks are often unsuitable for use in applications requiring 

15 moisture resistance and greater light stability. The pigments are preferred colorants provided the pigment dispersion 
can be made resistant toflocculation and settling. 

Water-based pigment dispersions are well known in the art, and have been used commercially for applying films, 
such as paints, to various substrates. The pigment dispersion is generally stabilized by either a non-ionic or ionic tech- 
nique. When using the non-ionic technique, the pigment particles are stabilized by a polymer that has a water-soluble, 

20 hydrophilic section that extends into the water and provides entropic or steric stabilization. Representative polymers 
useful for this purpose include polyvinyl alcohol, cellulosics, ethylene oxide modified phenols and ethylene oxide/pro- 
pylene oxide polymers. While the non-ionic technique is not sensitive to pH changes or ionic contamination, it has a 
major disadvantage for many applications in that the final product is water sensitive. Thus, if used in ink applications or 
the like, the pigment will tend to smear upon exposure to moisture, 

25 Further, continuous flow printers that function by charging the ink may cause f locculation of the pigment based inks. 
There exists a need for ink jet inks which have good water resistance and smear fastness. In particular, with pig- 
ment based inks used in continuous flow systems, there is a need to maintain the charging stability of the dispersion 
while improving water and smear fastness. 

30 SUMMARY OF THE INVENTION 

The present invention provides an ink jet ink comprising: 

(a) an aqueous carrier medium; 
35 (b) a colorant; and 

(c) an emulsion polymer additive stabilized with a structured polymer. 

The inks of the invention are stable, have low viscosity, exhibit excellent print quality, provide excellent smear resist- 
ance after drying and good decap or crusting time. They may be used with a variety of ink jet printers such as continu- 
40 ous, piezoelectric drop-on-demand and thermal or bubble jet drop-on-demand, and are particularly adapted for use in 
thermal ink jet printers. These inks may also be useful in air brush printing devices. 

DETAILED DESCRIPTION OF THE INVENTION 

45 The Invention provides an ink jet ink composition which is particularly suited for use in ink jet printers in general, 
and thermal and continuous flow ink jet printers in particular These inks are stable over long periods, both in storage 
and in the printer The disperse dye-based inks comprise water a disperse dye stabilized by dispersants, usually struc- 
tured polymeric dispersants and an emulsion polymer additive stabilized with a structured polymer. The dye based inks 
comprise an aqueous can-ier medium, a dye and optionally an emulsion polymer additive stabilized with a structured 

50 polymer. The inks may be adapted to the requirements of a particular ink jet printer to provide a balance of light stability, 
smear resistance, viscosity, surface tension, high optical density crust resistance and charge stability, where appropri- 
ate. 

Aqueous Carrier Medium 

55 

The aqueous carrier medium is water or a mixture of water and at least one water soluble organic solvent. Selection 
of a suitable mixture depends on r^uirem nts of the specific application, such as desired surface tension and viscosity, 
the selected colorant, drying time of the ink. and the type of substrate onto which the ink will be printed. Representative 
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water-soluble organic solvents that may be selected are disclosed in U.S. Patent 5,085,698. A mixture of water and a 
polyhydric alcohol, such as diethyiene glycol, is preferred as the aqueous carrier medium. 

If a mixture of water and a water-soluble solvent is used, the aqueous carrier medium usually contains from about 
30% to about 95% water with the balance (i.e.. 70 to 5%) being the water-soluble solvent. Preferably, the aqueous car- 
5 rier medium is 60-95%. by weight, water. The aqueous carrier medium conprises 70 to 99.8%, by weight of the total 
ink composition, depending on the type of colorant selected. Preferably, the aqueous carrier medium comprises 94- 
99.8% when an organic pigment is selected; 70 to 99.8% when an inorganic pigment is selected; and 80 to 99.8% when 
a dye is selected. 

10 Colorants 

Colorants useful in the Ink compositions of this invention include both dyes and pigments. By the term "dye" we 
mean a colorant that becomes soluble at some point during the printing process. By "pigment" we mean a colorant that 
is insoluble (i.e., in particulate or aystalline fomi) throughout the printing process. Pigments are the preferred colorants 
15 for use in the compositions of this invention. 

Pigments: 

Useful pigments comprise a wide variety of organic and inorganic pigments, alone or in combination. The pigment 
20 particles are sufficiently small to permit free flow of the ink through the ink jet printing device, especially at the ejecting 
nozzles that usually have a diameter ranging from 10 micron to 50 micron. The particle size also has an influence on 
the pigment dispersion stability, which is critical throughout the life of the ink. Brownian motion of minute particles will 
help prevent the particles from settling. It is also desirable to use small particles for maximum color strength. The range 
of useful particle size is approximately 0.005 micron to 15 microns, preferably 0.005 to 5 microns, and most preferably 
25 from 0.01 to 0.3 micron. 

The selected pigment may be used in dry or wet (i.e.. presscake) form. In presscake form, the pigment is not aggre- 
gated to the extent that it is in dry form and therefore do not require as much deaggregation in the process of preparing 
the inks. Representative commercial dry and presscake pigments that may be used in practicing the invention are dis- 
closed in U.S. Patent No. 5.085.698 issued February 4. 1992. 
30 Fine particles of metal or metal oxides also may be used to practice the invention. For example, metal and metal 
oxides are suitable for the preparation of magnetic Inkjet inks. Fine particle size oxides, such as silica, alumina, titania. 
and the like, also may be selected. Furthermore, finely divided metal particles, such as copper, iron, steel, aluminum 
and alloys, may be selected for appropriate applications. 

35 Dves: 

The dyes may be those that are soluble in the aqueous cannier medium or those that are insoluble, the latter being 
refereed to herein as "dispersed dyes.*' 

The color and amount of disperse dye used in the ink is largely a function of choice, being primarily dependent upon 

40 the desired color of the print achieved with the ink. the purity of the dye. and its strength. Low concentrations of dye may 
not give adequate color vividness. High concentrations may result in poor printhead performance or unacceptably dark 
colors. The disperse dye may be present in the amount of 0.01 to 20%. by weight, preferably 0.05 to 8%. by weight, 
more preferably 1 to 5%, by weight, based on the total weight of the ink. Disperse dyes that may be useful in this inven- 
tion are disclosed in U.S. 5.053.495. U.S. 5,203,912. U.S. 5.102.448. etc. 

45 Conventional dyes such as anionic, cationic. amphoteric and non-ionic dyes are useful in this invention. Such dyes 
are well known to those of ordinary skill in the art. Anionic dyes are those dyes which in aqueous soluton yield colored 
anions and cationic dyes are those which in aqueous solution yield colored cations. Typically anionic dyes contain car- 
boxytic or sulfonic acid groups as the ionic moiety. Cationic dyes usually contain quaternary nitrogen groups. 

The types of anionic dyes most useful in this invention are. for example. Acid. Direct. Food. Mordant, and Reactive 

50 dyes. Anionic dyes are selected from the group consisting of nitroso compounds, nitro compounds, azo compounds, 
stilbene compounds, triarylmethane compounds, xanthene compounds, quinoline compounds, thiazole compounds, 
azine compounds, oxazine compounds, thiazine compounds, aminoketone compounds, anthraquinone compounds, 
indigoid compounds and phthalocyanine compourds. 

The types of cationic dyes that are most useful in this invention include mainly the basic dyes and some of the mor- 

55 dant dyes that are designed to bind acidic sites on a substrate, such as fibers. Useful types of such dyes include the 
azo compounds, diphenylmethane compounds, triarylmethanes. xanthene compounds, acridine compounds, quinoline 
compounds, methine or polymethine compounds, thiazole compounds, indamine or indophenyl compounds, azine 
compounds, oxazine compounds, and thiazine compounds, among others, all of which are well known to those skilled 
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in the art. 

The color and amount of dye used in the ink composition is largely a function of choice, being primarily dependent 
upon the desired color of the print achieved with the ink. the purity of the dye and its strength. The dye is typically 
present in the amount of 0.01 to 20%, by weight, preferably 0.05 to 8%. more pr ferably 1 to 5%, based on the total 
5 weight of the ink. 

Dispersams 

Polymeric dispersants suitable for practicing the invention include random polymers and structured polymeric dis- 
10 persants such as block copolymers and branched-type polymers. The polymers may be anionic, cationic. or non-ionic 
in nature. 

Random polymers are not as effective in stabilizing pigment dispersions as structured polymers and, therefore, are 
not preferred. However, a random polymer which has both hydrophilic moieties for aqueous solubility and hydrophobic 
moieties for interaction with the pigment and an average molecular weight to contribute to the dispersion stability can 

15 be effectively used to practice the present invention. Such polymeric dispersants are disclosed in U.S. 4.597,794. 

The block polymers suitable for practicing the invention are AB. BAB and ABC type structures. A block polymer 
which has hydrophobic and hydrophilic blocks and balanced block sizes to contribute to the dispersion stability may be 
advantageously used to practice this invention. Functional groups can be built into the hydrophobic (pigment binding) 
block for stronger specific interactions between the pigment and the polymer dispersant to give an improved dispersion 

20 stability. A detailed description of these polymers can be found in the aforementioned US. Patents 5,085,698 and 
5,272,201 and in EPO application 0 556 649 A1. 

It may be necessary to make salts of either the functional groups contained in the polymer to render it soluble in 
the aqueous carrier medium. Salts of the acid monomers can be made with the counter component being selected from 
organic bases such as mono-, di-. tri-methytamine. morpholine, n-methyl morpholine; alcohol amines such as dimeth- 

25 ylethanolamine (DMEA). methyldiethanolamine. mono-, di-, and tri-ethanolamine; pyridine: 2-amino-2-methyl-1-propa- 
nol; ammonium hydroxide; tetra-alkylammonium salts such as tetramethylammontum hydroxide, tetraethyl- ammonium 
hydroxide; alkali metals such as lithium, sodium and potassium, and the like. Preferred neutralizing agents include 
dimethylethanolamine. 2-amino-2-methyl-1-propanol, and sodium and potassium hydroxides, with potassium hydroxide 
being particularly preferred for inks to be used in thermal Ink jet printers. Salts of the amino monomers can be made 

30 with the counter component being selected from organic acids such as acetic acid, formic acid, oxalic acid, dimethylol 
propionic acid, halogens such as chloride, fluoride, and bromide, and other inorganic acids, such as sulfuric acid, nitric 
acid, phosphoric acid and the like. It is also possible to convert the amino group into a tetra-alkyi ammonium salt. 
Amphoteric polymers, that is polymer that contains both an acid group and an amino group, may be used as is or can 
be neutralized with either addition of acid or base. 

35 The amount of the dispersant polymer depends on the structure, molecular weight and other properties of the dis- 
persant polymer, and on the other components of the ink composition. The block polymers that are selected in practic- 
ing the invention have number average molecular weight of below 20,000. preferably below 10.000, and typically in the 
range of 1 ,500 to 6,000. 

The polymeric dispersant may be present in the amount of 0.1 to 25%, preferably 0.1 to 8% by weight, based on 
40 the total weight of the ink composition. If the amount is too high, it will be difficult to maintain the desired ink viscosity. 
Dispersion stability wilt be adversely affected if Insufficient polymer is present. 

Emulsion Polymer Additive 

45 The emulsion polymer additive may be prepared from acrylic or methacrylic monomers: vinyl type monomers such 
as vinyl acetate, vinyl chloride, etc.; maleic acid or maleic anhydride; styrene; itaconic acid; N-vinyl pyrrolidone; acryla- 
mides; methaaylamides; and derivatives thereof. Some representative acrylic or methacrylic monomers include methyl 
methacrylate (MMA), ethyl methacrytate (EMA), propyl methacrylate. n-butyl methacrylate (BMA or NBMA). hexyl 
methacrylate. 2-ethylhexyl methacrylate (EHMA), octyl methacrylate. lauryl methacrylate (LMA). stearyl methacrylate, 

so phenyl methacrylate, hydroxyethyl methacrylate (HEMA), hydroxypropyl methacrylate. ethoxytriethyieneglycol meth- 
acrylate (ETEGMA). 2-ethoxyethyl methacrylate, methacrylonitrile. 2-trimethylsiloxyethyl methacrylate, glycidyl meth- 
acry!ate(GMA), p-tolyl methacrylate, sortyl methacrylate. methyl acrylate, ethyl acryiate. propyl acrylate. butyl acrylate. 
hexyl acrylate. 2-ethylhexyl acrylate. octyl acrylate. lauryl acrylate. stearyl acrylate, phenyl acrylate, hydroxyethyl acr- 
ylate, hydroxypropyl acrylate acrylonitrile, 2-trimethyl-siloxyethyl acrylate. glycidyl acrylate, p-tolyl acrylate. sorbyl acr- 

55 ylate. methacrylic acid (MAA), acrylic acid, dimethylaminoethyl methacrylate (DMAEMA). diethylaminoethyl 
methacrylate. t-butylaminoethyl methacrylate. dimethylaminoethyl acrylate. diethylaminoethyl acrylate. dimethylamino- 
propyl methacrylamide, methacrylamide. acrylamide, and dimethylacrylamide. Preferred are emulsions prepared from 
methyl methacrylate, butyl methaaylate. 2-ethylhexyl methacrylate. methyl methacrylate with butyl methacrylate. meth- 



4 



EP0 851 Oil A2 



acrylic acid or dimethylaminoethyi methacrylate. 

The emulsion polymer may also contain small amounts of aossllnking monomers like ethylene glycol dimethacr- 
ylate or ethylene glycol trlacrylate, etc. 

The emulsion polymer may also contain a hydrophillc monomer such as CH2=C(X)(Y)', wherein X is H or CH3 and 
5 Y is C(0)OH. C(0)NR2R3, C(0)OR4NR2R3. C(0)0R5. or their salts, wherein R2 and R3 may be H or C1 to C9 alkyi, 
aryl. oralkylaryl. R4 is a Cl to C5 atkyi diradical. and R5 is a Cl to C20 alkyi diradical which may contain hydroxy or ether 
groups, to provide some changes in solubility However, there should not be enough hydrqDhilic monomer present in the 
emulsion to render it, or its salt, completely water soluble. 

10 Structured Polvmer Stabilizer 

The emulsion polymers are stabilized with structured polymers selected from the group consisting of block poly- 
mers, such as diblock and triblock polymers, and graft polymers. Useful diblock polymers are disclosed in U.S. 
5,085,698 and useful triblock polymers are disclosed in U.S. Patent No 5.519.085. 
IS The emulsion polymer additive with structured polymer stabilizer may be present in the amount of 0.01 to 20 % sol- 
ids by weight, preferably 0.01 to 5 % solids by weight, tor thermal ink jet printing applications, and 5.1 to 20 % solids by 
weight, for continuous flow, piezo and air brush printing applications, based on the total weight of the ink composition. 

Other Ingredients 

20 

Consistent with the requirements of the invention, various types of additives may be used to optimize the properties 
of the ink compositions for specific applications. Surfactants may be used to alter surface tension as well as maximize 
penetration. However, the type of surfactants and the amounts used need to be carefully selected to avoid pigment dis- 
persion destabilization or to negate the benefits of the present inks. 
25 As is well known to those skilled in the art, biocides may be used in the ink compositions to inhibit growth of micro- 
organisms. Sequestering agents such as EDTA may also be included to eliminate deleterious effects of heavy metal 
impurities. Other known additives, such as humectants. viscosity modifiers and other acrylic or non-acrylic polymers 
made also be added to improve various properties of the ink compositions as desired. 

30 Ink Properti^? An0 Pr^p^r^tlpn 

The ink compositions of the invention may be prepared in a similar manner as other Inkjet inks. For inks containing 
an insoluble colorant the ink is prepared by first premixing the selected colorant(s) and polymeric dispersant and then 
dispersing or def locculating the colorant. The dispersing step may be accomplished in a horizontal mini mill, a ball mill, 
35 an attritor. or by passing the mixture through a plurality of nozzles within a liquid jet interaction chamber at a liquid pres- 
sure of at least 5000 psi to produce a uniform dispersion of the colorant in the aqueous can-ier medium. Dye based inks 
are prepared in a well agitated vessel rather than in dispersing equipment. 

It is generally desirable to make the dispersion in concentrated form, which is subsequently diluted with a suitable 
liquid to the appropriate concentration for the desired viscosity, color, hue. density and print area coverage for the par- 
40 ticular application. 

For thermal ink jet printers, the ink drop velocity, drop volume, and stream stability are greatly affected by the sur- 
face tension and the viscosity of the ink. For continuous flow ink jet printers, the ink drop velocity, drop volume, and 
stream stability are greatly affected by the surface tension, viscosity and the charge stability of the ink. Ink jet inks suit- 
able for use with Inkjet printing systems should have a surface tension in the range of about 20 dyne/cm to about 80 
45 dyne/cm and, more preferably in the range 25 dyne/cm to about 65 dyne/cm at 20'C. Acceptable viscosities are no 
greater than 20 cP. and preferably in the range of about 1 .0 cP to about 10.0 cP at 20^0. 

EXAfy/IPLEg 

so The invention will now be further illustrated by but not limited to. the following examples, in which parts and per- 
centages are by weight unless otherwise noted. 

Emulsion Polvmer Stabilizer 1: 

55 A 12-liter flask was equipped with a mechanical stirrer, thermometer, N2 inlet, drying tube outlet, and addition fun- 
nels. Tetrahydrofuran THF. 4002 g. and p-xylene, 7.7 g. were charged to the flask. The catalyst tetrabutyl ammonium 
m-chtorobenzoate. 2.0 ml of a 1.0 M solution in acetonitrile, was then added. Initiator. 1-methoxy-1-trimethylsiloxy-2- 
methyl propene. 155.1 g (0.891 M) was injected. Feed I [2-dimethylaminoethyl methacrylate. 2801 g (17.8 M)] was 
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started at 0.0 minutes and added over 45 minutes. One hundred minutes after Feed 1 was completed (over 99 % of the 
monomers had reacted), Feed II [butyl methacrylate, 2045 g (14.4 M) was started and added over 30 minutes. At 400 
minutes. 31 0 g of dry methanol were added to the above solution and distillation begun. A total of 1 725 g of solvent were 
removed. Isqaropanol, 1783 g, was added after completion of the distillation. 
5 This made a butyl methaaylate/Zdimethylaminoethyl methacrylate (20//20) dibiock polymer at 49.6 % solids. The 
polymer was then neutralized with the addition of concentrated phosphoric acid, 2052 g (17.8 M); and inverted into 
water to make a 15% solution of polymeric salt. 

Emulsion Polymer Stabilizer 2: 

10 

A 12 liter flask was equipped with a stiffer, thermometer, N2 inlet, drying tube outlet and addition funnels. Tetrahy- 
drofuran CTHF"), 3004 g, and mesitylene, 7.6 g were charged to the flask. The catalyst, tetrabutyl ammonium m-chlo- 
robenzoate. 3.0 ml of a 1.0 M solution in acetonitrile, was then added. The initiator, 1,1-bis(trimethylsiloxy)-2- 
methylpropene. 240 g, was injected. Feed I (tetrabutyl ammonium m-chlorobenzoate, 3.0 ml, of a 1 .0 M solution in ace- 

75 tonitrile) was started and added over 150 minutes. Feed II (trimethylsilyl methacrylate, 1636 g) was started at 0.0 min 
and added over 30 minutes. Fifty minutes after Feed II was completed, Feed III (butyl methacrylate. 1469 g, and ethox- 
ytriethyleneglycol methacrylate. 1 274 g) was started and added over 30 minutes. At 320 minutes, 663 g of dry methanol 
were added to the above solution and distillation was started. During the first stage of distillation 624.0 g of material 
were removed from the flask. Methanol, 332 g, was added. Distillation continued and a total of 1239 g of solvent were 

20 removed. 

This made a butyl methacrylate/ethoxytriethyleneglycol methacrylate/Zmethacrylic acid AB block polymer (5/10//10) 
of 5140 Mn and 50.8% solids. 701 g of the polymer were neutralized with 127 g of KOH (45% solution) and the solution 
was diluted with 2673 g of deionized water. 

25 Emulsion Polvmer Stabilizer 3: 

A 1 2 liter flask was equipped with a stirrer, thermometer, N2 inlet, drying tube outlet and addition funnels. Tetrahy- 
drofuran ("THF"), 3027 g. and p-xylene, 6.2 g were charged to the flask. The catalyst, tetrabutyl ammonium m-chlo- 
robenzoate, 2.5 ml of a 1.0 M solution in acetonitrile, was then added. The initiator, 1,l-bis(trimethytsiloxy)-2- 

30 methylpropene. 234.4 g, was injected. Feed I (tetrabutyl ammonium m-chlorobenzoate. 2.5 ml of a 1.0 M solution in 
acetonitrile) was started and added over 150 minutes. Feed II (trimethylsilyl methacrylate, 1580 g) was started at 0.0 
min and added over 30 minutes. One hundred and twenty minutes after Feed II was completed. Feed III (butyl methacr- 
ylate. 1425 g and methyl methacrylate, 503 g) was started and added over 30 minutes. At 320 minutes, 650 g of dry 
methanol were added to the above solution and distillation was started. During the first stage of distillation 1250.0 g of 

35 materia! were removed from the flask. !-propoanol. 1 182 g, was added. Distillation continued and a total of 2792 g of 
solvent were removed. 

This made a butyl methacrylate/methyt methacrylate/Zmethacrylic acid AB block polymer (10/5//10) of 2900 Mn and 
50-5% solids. 396 g of the polymer, 68 grams of 2-amino-2-methyl-1-propanot ("AMP") and 1536 g of deionized water 
were mixed together to form an aqueous solution of the polymer. 

40 

Dispersant Polvmer 1 : 

A 12-mer flask was equipped with a mechanical stirrer, thermometer, N2 inlet, drying tube outlet, and addition fun- 
nels. Tetrahydrofuran THF, 4002 g. and p-xylene. 7.7 g. were charged to the flask. The catalyst tetrabutyl ammonium 
45 m-chlorobenzoate. 2.0 ml of a 1.0 M solution in acetonitrile. was then added. Initiator. 1-methoxy-1-trimethylsiloxy-2- 
methyl propene. 155.1 g (0.891 M) was injected. Feed t [2-dimethylaminoethyl methacrylate, 2801 g (17.8 M)] was 
started at 0.0 minutes and added over 45 minutes. One hundred minutes after Feed I was completed (over 99 % of the 
monomers had reacted). Feed II [benzyl methacrylate, 1568 g (8.91 M) was started and added over 30 minutes. At 400 
minutes. 31 0 g of dry methanol was added to the above solution and distillation begun. A total of 1 725 g of solvent were 
50 removed. Isopropanol. 1 783 g. was added after completion of the distillation. 

This made a benzyl methacrylateZ/dimethylaminoethyl methacrylate (10//20) dibiock polymer at 49.6 % solids with 

Mn 5000. 

Dispersant Polvmer 2: 

55 

A Miter flask was equipped with a mechanical stirrer, thermometer. N2 inlet, drying tube outlet, and acWition fun- 
nels. Tetrahydrofuran (THF), 83 g, and mesitylene, 0.1 g. were charged to the flask. The catalyst tetrabutyl ammonium 
m-chlorobenzoate. 230 ^1 of a 1.0 M solution in THF, was then added. Initiator. 1.1-bis(trimethylsiloxy)-2-methyl pro- 
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pene. 5.0 g (0.020 mol). was injected. Feed I [tetrabutyl ammonium m-chlorobenzoate, 230 nl of a 1.0 M solution in 
THF] was started and added over 130 minutes. Feed II [trimethyisilyl methacrytate. 40.86 g (0.250 mol)] was started at 
0.0 minutes and added over 30 minutes. Thirty minutes after Feed II was completed (over 99% of the monomer had 
reacted), Feed II [benzyl methacrylate. 56.90 g (0.323 mol)], was started and added over 60 minutes. Ten minutes after 
Feed ill was completed {over 99% monomers had reacted). Feed IV [ethoxytriethylene glycol methacrylate. 21.21 g 
(0.0862 mol)] was started and added over 30 minutes. At 1 50 minutes, 1 2 g of methanol were added. Then 98 g of sot- 
vents and trimethylmethoxysilane were stripped out and replaced with 153 g 2-pyrroiidone. 

This made a ethoxytriethylglycol methacrylate/A)en2yl methacrylate/Zmethacrylic acid (4//15//12) triblock polymer 
at 40% solids. The polymer was neutralized to 80% by adding 1 1 grams 45% aqueous potassium hydroxide solution to 
100 grams block copolymer solution and mixing until a homogeneous solution was obtained. After neutralization the 
material was reduced to approximately 10% solids with 289 grams of deionized water. The pH was 8. 

Pigment Dispersion 1 : 

A cyan pigment dispersion was prepared by thoroughly mixing the following ingredients: 



Ingredient 


Grams 


Dispersant Polymer 1 

Heliogen® 7072DD PB15 pigment* 

1-propanol 


203.2 
150.0 
450.0 



* BASF Parsippany, NJ 



This mixture was then charged to a 2 roll mill and process for 45 minutes. This made a pigment dispersion chip that 
contained 60% pigment and 40% polymer. It had a pigment-to-dispersant ratio (T/D") of 1 .5/1 . This 2 roll mill chip was 
then neutralized by mixing 5.47 grams of 86.0% phosphoric acid. 33.3 grams of the dispersion and 161.23 grams of 
deionized water to make an aqueous pigment concentrate. 

This made an aqueous, cyan pigment concentrate that contained 10% pigment and had 90 mole % of the amine 
groups from the polymer neutralized with phosphoric acid. 

Pigment Dispersion 2: 

A 1 -titer beaker was equipped with a mechanical stin-er. into the beaker was placed 94 g of the polymer from Dis- 
persant Preparation 2 and 13 g water. With stirring. 18.7 g FW 18 black pigment (Degussa Corp.. Ridgefield Park, NJ) 
were added in small portions. When the mixture was thoroughly combined, it was passed through a model M-110F 
Microfluidizer (Microfluidics Corp., Newvton. MA) five times. The average particle size after miaofluidization was 108 
nm; and pigment concentration of the diversion was 15%. 

Emulsion 1 : 

An emulsion polymer of n-butyl methacrylate stabilized with Stabilizer Polymer 1 was prepared as follows: 



Ingredient 


Grams 


Water 


233 


n-butyl methacrylate 


25 


Emulsion Polymer Stabilizer 1 


25 



The contents of the reactor were brought to reflux. At the point of reflux, water 27.5 g: and VA-044 (Wako Chemi- 
cals). 0.68 g were added. In a separate flask. Feed 1 (water, 561 g; n-butylmethacrylate, 225 g; Emulsion Polymer Sta- 
bilizer 1 solution. 142 g) was intimately mixed using an Eppenbach homogenizer. Feed 1 was then added to the reaction 
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flask over a period of 1 00 min. Upon complete acJdition of Feeds 1 and 2. the contents in the reaction flask were kept at 
reflux for another 60 mIn. after which a mixture of water. 12.5 g; and VA-044 ,0.68 g; was added to the reaction flask. 
The contents in the reaction flask were kept at reflux for an additional 60 min. and then cooled to room temperature. 
The resultant emulsion was at 23 % solids. 

Emulsion 2: 

An emulsion of butyl methacrylate/ethoxytriethyleneglycol methacrylate (20/80) with 10% solids of Emulsion Poly- 
mer Stabilizer 2. and 1% of butylmercaptan chain transfer agent was prepared according to the following procedure: 

First, a pre-emulsified mixture of butyl methacrylate (100.0 g). ethoxytriethyleneglycol methacrylate (400.0 g), 
Butylmercaptan (5.0 g). 2 pyrrolldone (65.0 g). Liponic® EG-1 (35.0 g). Emulsion Polymer Stabilizer 2 (390.3 g) and 
water (259.68 g) was prepared. The ingredients were mixed slowly and then mixed for twenty minutes on a high speed 
homogenizer. 

Next, deionized water (557.5 g), 2-pyrrolidone (67.5 g). Liponic® EG-1 (35.0 g) were added to a resin kettle 
equipped with a heating mantle, stirrer, N2 inlet thermometer, condenser and addition funnel. The pot was heated to 70 

Feed I Pre-emulsified mixture (1255.0 g) 

Feed II deionized water (50.0 g), Sodium Bisulfite (0.675 g) 

Feed 111 deionized water (15.75 g), Ammonium Persulfate (1.175 g) 

Feed IV deionized water (15.75 g). Ammonium Persulfate (0.25 g) 

10% of Feed I, 10% of Feed II. all of Feed 111 were added to the pot over 1 minute. The remaining 90% of Feed I and 
90% of Feed II were fed into the pot over 75 minutes. Approximately halfway during this step 1/3 of Feed IV was added. 
After the completion of Feed I and Feed II. an additional 1/3 of the Feed tV was added. The reaction was continued for 
15 minutes, and the remaining 1/3 of the Feed IV was added. The reaction was continued for additional 120 minutes, 
the mixture was cooled and filtered. 

Emulsion 3: 

The emulsion was prepared by slovkrfy adding 637 grams of methyl methacrylate and 63 grams of n-butyl methacr- 
ylate to 700 grams of the Emulsion Polymer Stabilizer 3 solution and 315 grams of deionized water in a high speed mix- 
ing device (homogenizer). Mixing was continued until a good 45 wt% solids pre-emulsified mixture was formed, 
approximately 30 minutes. The laboratory scale polymerization occurred in a resin kettle equipped with a dropping fun- 
nel containing the pre-emutsified mixture, an air stir, nitrogen inlet and a heating mantle. Deionized water, enough to 
bring the final product to 25 % solids, was added to the kettle. Nitrogen purge was applied and the water heated to 70 
- 72*^0. A tenth of the pre-emulsHied mixture and a 2% aqueous solution of sodium bisulfite and 0.25% (based upon the 
weight of the monomer used in the pre-emulsion mixture) ammonium persulfate in the form of an 6.5 wt% aqueous solu- 
tion were then added to the resin kettle. The temperature rose to 80°C and this temperature was maintained throughout 
the polymerization. The remaining preemulsion mixture and the sodium bisulfite solution were added over 75 minutes. 
The total bisulfite added was 0.14 % based on monomer concentration. A duplicate aqueous ammonium persulfate 
solution was prepared and added in three parts, the first being at the mid point of the pre-emulsif led mixture and sodium 
bisulfite additions, the second at the end of those additions and the third part fifteen minutes later. The latex was held 
at 80 - 85 ''C for an additional 120 minutes, then cooled and filtered. 

Two cyan Inks were prepared having the following composition: 



Ingredient 


Amount (grams) 




Control 1 


Example 1 


Dispersion 1 


6.0 


6.0 


2-Ethyl-2-HydrQxymethyl-1,3-propanediol 


7.2 


7.2 


Deionized water 


26.8 


18.8 


Emulsion Polymer Stabilizer 1 




8.0 
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Draw downs o1 each of the above inks were made on Gilbert Bond paper. The resistanc of the image to water was 
obtained at various time Intervals by dripping deionlzed water onto the Image. The amount of colorant that washes out 
of the image is rat^ on a rating scale 0 - 5. A rating of 0 indicates good waterfastness where no detectable amount of 
colorant washed out of image, whereas a rating of 5 indicates that a high degree colorant was washed out of the image. 
5 Results are summarizes below. 



Sample 


Time After Drawdown 




5 min 


4hr 


24 hr 


Control 1 


4 


4 


4 


Example 1 


3 


2 


1 



15 

The above table illustrates that the addition of emulsion polymer improves the waterfastness of the image. 
Example 2 

20 Inks were prepared by mixing the following ingredients with magnetic stirring over 10-15 minutes: 



Ingredient 


Parts 




Control 2 


Example 4 


Pigment Dispersion 2 


20 


20 


2-pyrrolidone 


9 


9 


Uponics® EG-1 


5 


5 


Deionlzed water 


66 


66 


Emulsion 2 




3.6 



The inks were jetted out of a Hewlett Packard DeskJet printer in a pattern of seven parallel 1/8 inch solid black lines, 
spaced 1/8 inch apart. Image quality and pen performance were excellent. The images were left 5 minutes and then 
marked with a commercial yellow highlighter pen. Black smear onto the non-imaged portions of the paper was evalu- 
ated subjectively on a scale of 1-5, where 1 is no smear and 5 is severe smear). Results are shown below. 



Sample 


Smear 


Control 2 
Example 2 


5 
1 



Example 3: 

so 

Inks were prepared from the following ingredients. The pigment and dispersant were first mixed to form a pigment 
dispersion followed by mixing with the other ingredients to form an ink. 



55 
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Ingr^ierrt 



Grams 



Endurophlhal® Blue GF pigment {BT617-D )* 
Benzylmethacrylate/ZMethacrylic acid. 13//10 
Emulsion 3 at about 25 % solids 
Zonyl® FS-310 Fluorocart>on surfactant (DuPont Co.) 
Surtynol® DF-695 (Air Products, Allentown, PA) 



36.3 



4.5 



3.0 



2,0 



0.04 



Deionized water 



54.16 



' Cookson Pigment, Inc., Newark, NJ 



Control 3 



The procedure described for Example 2 was repeated except that Emulsion 3 was prepared using sodium lauryl 
sulfate (Duponol® WAQE, WITCO Chemical) at 10 wt % solids as a substitute for Emulsion Polymer Stabilizer 3. 



Ink samples from Control 3 and Example 3 were run on a continuous ink jet printing device using a Scitex Digital 
Printing (SDP) printhead, using a binary deflection mode. After 100 hours, Control 3 exhibited poor droplet stability, 
whereas Example 3 had good drop stability and was stable for longer periods of time (at least about 200 hours). 

Claims 

1. An Inkjet Ink comprising: 

(a) an aqueous carrier medium: 

(b) a colorant; and 

(c) an emulsion polymer additive stabilized with a structured polymer. 

2. The ink composition of claim 1 wherein the emulsion polymer additive is prepared from monomers selected from 
the group consisting of acrylic and methacrylic monomers; vinyl type monomers; maleic acid; maleic anhydride; 
styrene; itaconic acid; N-vinyl pyn-olidone; acrylamides; methacrylamides; and derivatives thereof. 

3. The ink composition of claim 2 wherein the acrylic and methacrylic monomers are selected from the group consist- 
ing of methyl methacrylate. ethyl melhacrylate. propyl methacrylate. n-butyl methacrylate, hexyl methacrylate. 2- 
ethythexyl methacrylate. octyl methacrylate. lauryl methacrylate. stearyl methacrylate. phenyl methacrylate. 
hydroxyethyl methacrylate. hydroxypropyl methacrylate. ethoxytriethylene glycol methacrylate, 2-ethaxyetiiyl meth- 
acrylate. methacrylonitrile. 2-trimethylsiloxyethyl methacrylate. glycidyl methacrylate. p-to!yl methacrylate. sorbyl 
methacrylate, methyl acrylate. ethyl acrylate. propyl acrylate, butyl acrylate, hexyl acrylate. 2-ethylhexyl acrylate. 
octyl acrylate. lauryl acrylate. stearyl acrylate. phenyl acrylate. hydroxyethyl acrylate. hydroxypropyl acrylate acry- 
lonitrile. 2-trimethyl-siloxyethyt acrylate. glycidyl acrylate. p-tolyl acrylate. sorbyl acrylate. methacrylic acid, acrylic 
acid, dimethylaminoethyl methacrylate. diethylaminoethyl methacrylate, t-butylaminoethyl methacrylate, dimethyl- 
aminoethyl acrylate and diethylaminoethyl acrylate. 

4. The ink composition of claim 1 wherein the emulsion polymer additive comprises a hydrophilic monomer such as 
CH2=C{X)(Y)\ wherein X is H or CH3 and r is C(0)OH, C(0)NR2R3. C(0)OR4NR2R3. C{0)0R5. or their salts, 
wherein R2 and R3 may be H for C1 to C9 alkyl. aryl. or alkylaryl. R4 is a Cl to C5 alkyi diradical. and R5 is a CI to 
C20 alkyl diradicaf which may contain hydroxy or ether groups. 

5. The ink composition of claim 1 wherein the emulsion polymer additive comprises a minor amount of a crosslinking 
monomer selected from the group consisting of ethylen glycol dimethacrylate and ethylene glycol triacrylate. 



Testing: 
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6. The ink composition of daim 1 wherein the structured polymer stabilizer is selected from the group consisting of 
block polymers and graft polymers. 

7. The ink conrtposition of claim 1 wherein the colorant is a pigment dispersion. 

8. The ink composition of claim 7 wherein the pigment dispersion comprises a pigment and a polymeric dispersant. 

9. The ink composition of claim 8 wherein said polymeric dispersant is a block copolymer, and wherein the ink com- 
position comprises approximately 0.1 to 8% by weight pigment, 0.1 to 8% by weight block copolymer, and 94 to 
99.8% by weight aqueous carrier medium and O.Oi to 5 % solids, by weight of the emulsion polymer additive sta- 
bilized with structured polymer, based upon the total weight of the ink composition. 

10. The ink composition of claim 1 wherein the emulsion polymer additive stabilized with a structured polymer is 
present in the amount of 0.01 to 20 % solids by weight, based on the total weight of the ink composition. 

1 1 . The ink composition of claim 10 wherein the emulsion polymer additive stabilized with structured polymer is present 
in the amount of 0.01 to 5 % solids by weight, based on the total weight of the ink composition. 

1 2. The ink composition of claim 10 wherein the emulsion polymer additive stabilized with structured polymer is present 
in the amount of 5.1 to 20 % solids by weight, based on the total weight of the ink composition. 

13. The ink composition of claim 1 wherein said colorant comprises a pigment and a block copolymer dispersant. and 
wherein the ink corrposition comprises approximately 0.1 to 8% by weight pigment, 0.1 to 8% by weight block 
copolymer dispersant, 64 to 94.7% by weight aqueous carrier medium and 5.1 to 20 % solids, by weight, of the 
emulsion polymer additive, based upon the total weight of the ink composition. 
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